ABSTRACT This paper reports a return on investment (ROI) feasibility study of applying a green roof on a future pharmacy building at the University of Utah. A 40-year life cycle costs versus benefi ts comparative analysis has been performed for green roof, black roof, and refl ective roof alternatives to quantify the economic benefi ts from green roofs. A green roof has a larger initial capital investment when compared with black or a refl ective roof; however, the life cycle accumulative values of benefi ts from a green roof have been calculated at 27 years, positive net present value, and 100% ROI. This conclusion makes the green roof alternative a better advisable investment than the other two roof alternatives.
INTRODUCTION In August 2007, the University of Utah joined the Association for Advancement of Sustainability in
Higher Education (AASHE), a national nonprofi t group formed in 2005 as an information network and professional development resource for sustainability efforts on campuses across North America. To support the University's commitment to the AASHE vision and a sustainable future, a new Offi ce of Sustainability (OS) was established within Facilities Management on July 1, 2007. The university has been actively working on a variety of sustainability initiatives, each overseen by their respective departments and working teams.
The OS supports graduate student projects that study the feasibility of green measures being implemented on existing and new campus facilities. This paper presents the work of a graduate internship in the OS and a qualifying project as part of a Masters of Science and Technology at the University of Utah. The main goal of the project was to perform a feasibility study to initiate a green roof on the new Skaggs Pharmacy Institute building that is in design (Fig. 1 ). This new building will be the new home for the College of Pharmacy, University of Utah, which is currently dispersed across six buildings throughout campus.
In addition to contributing to the OS university green building and sustainability planning initiatives on campus, this study is intended to provide qualifying data concerning the feasibility of green roofs for the Salt Lake community and larger intermountain region with similar climate. Due to the premature green roof market in North America, a typical initial investment for a green roof will be much higher than for a conventional roof. Without a life cycle cost and benefi t analysis, building owners are reluctant to invest in the green roofs for retrofi ts and new construction. This study will help to establish an example of how to dress this costs versus benefi ts issue via life cycle system thinking, and to spur public recognition of green roofs benefi ts.
BACKGROUND: BENEFITS OF GREEN ROOFS
As the Bruntland Commission Report states, sustainability is a state of balance where the relationships between society, economy, and environment has to be maintained such that the needs of the present are met without compromising the ability of future generations of people and ecosystems to meet their own needs [1] . As an option toward sustainability, benefi ts of green roofs can be understood from three aspects: economic benefi ts, environmental benefi ts, and social benefi ts.
Green roofs signifi cantly moderate the daily temperature fl uctuation experienced by roof membranes [2] . Economically, protection of roof membranes by green roofs results in a longer material lifespan and decreased maintenance and savings in replacement costs. Green roofs can reduce solar heat gain via direct shading of the roof, evaporative cooling from the plants and the growing medium, additional insulation values from both plants and growing medium, and thermal mass effects of growing medium. The ability of green roofs to insulate indoor environments can reduce power consumption for air-conditioning and save on energy costs. In addition, aesthetic appeal due to green roofs increases the value of the property and the marketability of the building as a whole. Green roofs are likely to be a positive selling point for developers in multifamily housing where taller commercial buildings have a view corridor toward the top of roofs and residents can physically access the green rooftop as an exterior shared space [3] .
Green roofs reduce air pollution, as plants help remove carbon dioxide, carbon monoxide, nitrogen oxides, air-borne ammonia, sulfur dioxide and ozone, making the city a healthier environment for humans, plants and other animal life. Through the process of photosynthesis, plants convert carbon dioxide, water and sunlight/energy into oxygen and glucose. This cyclical process supplies animals and humans with oxygen and food. As such, green roofs provide an oasis in concrete deserts for wildlife habitat. In addition, conserving energy in buildings can reduce carbon dioxide (CO 2 ) and other harmful emissions from power plants. Green roofs can play a role in reducing the urban heat island (UHI) via the evapotranspiration process. With urban development, the rapid disappearance of open land has increased the amount of impervious surfaces, exacerbating runoff problems by reducing the amount of ground surface available to absorb water. When the same area, or large part of it is planted with a green roof, up to 90% of that storm water is captured, and the water that eventually runs off does so over periods of hours and days rather than minutes, allowing for gradual adsorption into the ground. Besides retaining water run off, green roofs can also play a critical role in purifying water and air by absorbing nitrogen and remediating the acidity and other contaminants of water running off of roofs.
Under the U.S. Green Building Council LEED program, which rates the environmental performance of buildings, green roofs gain one point for landscape to reduce heat island effects if the roof covers at least 50% of the building, and one point for storm-water management. As an added benefi t, runoff from the green roof is fi ltered by the vegetation and soil media, so this water can be used to irrigate other landscaping features without pretreatment. In LEED, this may warrant an additional point for water effi cient landscaping. The ability to reduce energy demand for cooling and increase energy effi ciency may also garner additional points for optimized energy performance. In addition, potential points can be gained for reduced site disturbance, protection or restoration of open space, and innovation in design [4] .
Green roofs provide social benefi ts as well including sound insulation and aesthetic contributions. Roof spaces have large potential in providing urban dwellers with the amenity and recreational space essential for healthy living. Green roofs promote sustainability recognition with an educational value to the community. Green roofs are a relatively new idea in the U.S., and developers and building owners normally hesitate to install them due to higher initial installation costs, lack of knowledge, little technical support, and few precedents. More importantly, green roofs are overlooked because the benefi ts are not systematically quantifi ed. Therefore, building owners have diffi culty evaluate green roofs' value that is critical to making decisions regarding lifecycle cost. This paper will provide a methodology and feasibility for green roof Return on Investment (ROI) in comparison to conventional roofi ng on the Skaggs Pharmacy Institute at the University of Utah in Salt Lake City.
METHODOLOGY STEP 1: BENEFITS AND MONETARY VALUES
Based on a literature review, the quantifi able benefi ts of green roofs were calculated and applied to the new Skaggs Pharmacy Institute building. Once the impacts were quantifi ed in terms of their respective benefi ts, corresponding monetary values were developed for each of the benefi ts.
Energy saving for cooling
The savings in energy resulting from a green roof are considerable. Green roofs reduce heat gain through shading, insulation, evapotranspiration and thermal mass, and reduce heat loss only through insulation and decreased radiation heat losses. However, green roofs can also be as effective at preventing heat loss in the winter. However, in this scenario, the green roof must be specifi cally designed for winter use including deeper soil and larger winter plants to increase insulation. In this study, it is assumed that the Pharmacy Institute building will invest in an extensive green roof, reducing the depth of soil thus resulting in energy savings mostly in cooling, but not in heating. For the purposes of this study, energy savings due to heating reductions are negated.
The percentage of reduction in cooling energy costs can be diffi cult to estimate due to dependence on a confl uence of factors such as design, layout, and functional use of the building. In addition, physical factors such as envelope insulation and the size and design of the green roof itself including soil thickness, density, and moisture content, etc. For the purpose of this study, green roof detailed specifi cations have not been chosen, and it is assumed that different combinations of characteristics will result in different energy savings. Therefore, estimates for energy reduction percentages used in this study have been assumed based on historical precedents. The following energy percent reduction estimates have been found: roof was divided into two equal areas separated by a median parapet with a generic extensive rooftop garden installed on one side and a conventional roofi ng assembly installed as a reference on the other. It was found that a 6-inch extensive green roof reduced heat gains by 95% and heat losses by 26% compared to the reference roof. When the outdoor temperature peaked at 35°C (95 F) in the summer, the membrane on the reference roof absorbed solar radiation and reached ~70°C (158 F), while the membrane on the rooftop garden remained at 25°C (77 F). Heat fl ow through the building envelope creates energy demand for space conditioning in a building. The average daily energy demand in summer for space conditioning in the case of the reference roof was 6.0-7.5 kWh (20,500-25,600 BTU). However, the growing medium and the plants modifi ed the heat fl ow and reduced the average daily energy demand to less than 1.5 kWh (5,100 BTU)-a reduction of more than 78% [8] . 4. A monitored study by Florida Solar Energy Center evaluated summer energy performance aspects of a green roof on a two-story central Florida university building addition that was completed in 2005. One half of the two-story project building's 3,300 s.f. roof is a light-colored, conventional fl at membrane roof, the other half being the same membrane roof covered with 6-8 inch of soil and plant media and ~2 feet of soil and a variety of primarily native Florida vegetation. Both sides of the roof were monitored for average heat fl ux rates, and the energy consumption due to cooling loads was calculated and compared. It was assumed that an airconditioning (A/C) system effi ciency of 10 Btu/h×W (including fan power and distribution losses), and that all heat gain through the roof was removed by the A/C system alone. Compared with the conventional roof, the green roof saved 18% of energy for cooling in the summer of 2005, and 44% when the plant more established in summer of 2006 [9] . 5. A DOE-2 simulation study of a green roof on a fi ve-story Singapore commercial building with 10,394 s.f. rooftop area showed annual energy consumption savings of 1% to 15%, and 17% to 79% of energy saving for space cooling. The saving depends on characteristics of the green roof, such as the type of plants and thickness of soil. According to their simulation, the optimum type of green roof plants is shrubs. A green roof with 300 mm (~12 inch) thick soil and shrubs could achieve a saving of 15% in the annual energy consumption, and 79% in the space-cooling requirement [10] .
As described above, 6,994 s.f. green roof on the Treasury in Constitution Square in Athens is able to save 50% energy for cooling in the top fl oor one year after initial installation. The Athens building (150,694 s.f.) has very similar gross fl oor area to the Pharmacy Institute building (150,000 s.f.) with the difference being the ratios of building envelope's roof area to interior volume. The Pharmacy Institute building will be fi ve stories including parking level. Compared to the Athens building, the Pharmacy Institute building will have about two times rooftop area, half of the building height (levels), and more than two times the area to volume (A/V) ratio. General speaking, with similar building insulation, building with higher A/V ratio tend to be more energy effi cient. Balancing all factors as well as the fact that summer in Athens is even hotter and drier than Salt Lake City [11], it's not unreasonable to conservatively estimate that the 50% coverage green roof on Pharmacy Institute building would be able to save 35% energy for cooling in the top fl oor in the fi rst two years after initial installation, and 40% saving for cooling is expected starting from the 3rd year, when all plants are fully established.
To estimate the energy saving for cooling in the fi ve-fl oor building, a simple simulation has been established based on the case of the Athens building that energy savings of 50% for A/C cooling in the top fl oor below the roof, and 9% saving in cooling loads for the whole building. This simulation is performed under two assumptions: (1) the saving percentage is exponentially decaying from top to ground level; (2) for simplicity, the energy consumption for cooling at each fl oor is averaged as 1/10 of the total energy consumption for cooling the whole building. Using the same decay parameter, the energy saving for cooling in the fi ve-fl oor building can be simulated and estimated as 12.4% in the fi rst 2 years, and 14.2% thereafter.
According to College of Pharmacy, University of Utah, the new Skaggs Pharmacy Institute building will be fi ve stories including a parking level, with a total of 150,000 s.f. gross fl oor area. The power requirement and functional pattern will be very similar to the Biomedical Polymer Research Building (BPRB), another laboratory building on campus. Therefore, the electricity consumption by the BPRB was used as a reference to calculate the power requirement for the future Pharmacy Institute building.
The electricity consumption by BPRB is monitored and recorded by the Department of Energy Management at the University of Utah. Based on their data on the annual energy expenditure of the BPRB, for the gross building area of 130,159 s.f., an average annual electricity consumption from 2004 to 2008 is 4,355,540 k Wh [12] . The electricity consumption for unit area is 33.46 kWh/s.f. Therefore for the Pharmacy Institute building with 150,000 s.f., the annual electricity consumption can be proportionally estimated at 5,019,484 kWh. As described above, since the Pharmacy Institute building will likely invest in an extensive green roof, the savings in energy resulting from a green roof will be evaluated in cooling costs.
When compared with the Commercial Building Energy Consumption Survey (CBECS) database, electricity consumption per unit area in BPRB (33.46 kWh/s.f.) is much higher than the statistical value for offi ce buildings with 100,000-200,000 s.f. fl oor area (15.7 kWh/s.f.) [13] . Such a discrepancy is mostly likely due to the fact that the BPRB houses laboratory functions and not offi ce facilities alone. To estimate the energy due to cooling in the Pharmacy Institute building, instead of merely referring the CBECS database, an assumption is made to consider the difference between summer electrical peaks and fall through spring usage due to extra need of cooling in summer. Under this assumption, the energy consumption for cooling during the summer months can be calculated based on the annual energy expenditure of the BPRB recorded by Facility Management. For the BPRB, an average of 566,486 kWh of extra electricity is the consumed in comparison to CBECS values during May to September, accounting for about 13% of the annual total electricity consumption. Proportionally the annual electricity for cooling in the future Pharmacy Institute building can be estimated as 652,839 kWh. If the new building's roof is half greened, 12.4% of electricity will be saved for cooling in the fi rst 2 years, and 14.2% thereafter, i.e. 80,952 kWh per year in the fi rst 2 years, and 92,703 kWh per year thereafter.
Based on the offi cial energy statistics by Energy Information Administration, the average retail price of electricity to ultimate customers in commercial sectors in Utah was 6.63 c/kWh in 2008 and 6.91 c/kWh in 2009 (~4% annual increase) [14] . Noted are the highest cost months of 7.52 c/kWh in June 2008 and 7.91 c/kWh in June 2009 (~5% summer increa se). University of Utah is one of the main customers of Rocky Mountain Power, according to Chris Kanoff, the project manager from Rocky Mountain Power [15] . University of Utah is on Schedule 9 in their category pricing power at 5.5 c/kWh. According to Kanoff, historical values suggest it is reasonable to assume a 5% rate increase per year after 2010, especially for summer. Prices offered by Rocky Mountain Power to University of Utah has been 30% lower than the state average, which is already much lower than the national average. Trends in the 2 years indicate higher prices (average 5.1 c/kWh) charged from May to October than off peak season (average 4.4 c/kWh). In this study, since most energy saving will be realized from cooling in peak season, 5.1 c/kWh will be applied as an initial price, and 5% rate increase per year is assumed in the analysis.
Reduction of emission from power generation
The primary harmful emissions from electricity power generation include carbon dioxide (CO 2 ), methane (CH 4 ), nitrous oxide (N 2 O), nitrogen dioxide (NO 2 ), sulfur dioxide (SO 2 ), small particulate matter (PM 10 ), and volatile organic compounds (VOC). The fi rst three in the list are counted as Greenhouse Gases, contributing to the Greenhouse Effects and global climate change. The other emissions are not greenhouse gas, but do contribute to the degradation of air quality. Conserving energy in buildings can reduce greenhouse gas (CO 2eq ) and other harmful emissions from power plants. Emission reductions can be calculated as the product of energy savings from cooling load reductions associated with emission factors.
After University of Utah President Michael K. Young joined more than 500 other college and university presidents in signing the American College and University Presidents Climate Commitment (PCC), the University of Utah Offi ce of Sustainability has accomplished a Green house Gas (GHG) Inventory. OS based their calculations in the inventory on the eGRID NWPP (Northwest) region database by U.S. Environmental Protection Agency [16] . As results, in University of Utah, total carbon emission factor (CO 2eq ) from electricity is 422 g/kWh (0.93 lbs/kWh), including 418 g/kWh for CO 2 , 0.006 g/kWh for CH 4 , and 0.014 g/kWh for N 2 O, respectively. Factors for other emissions are proportionally calculated, comparing the emission factor for CO 2eq in NWPP region to that of the whole nation, from the data presented in a general technical report prepared by U.S. Department of Agriculture (USDA) Forest Service, Pacifi c Southwest Station in 2007 [17] . This data rates factors for other emissions from electricity power generation at 0.82 g/kWh (1.80E−03 lbs/kWh) for NO 2 , 0.56 g/kWh (1.23E−03 lbs/kWh) for SO 2 , 0.28 g/kWh (6.24E−04 lbs/kWh) for PM 10 , and 0.26 g/kWh (5.74E−04 lbs/kWh) for VOC, respectively. Based on these factors, the emission reduction can be calculated for specifi c electricity savings described in the previous subsectionThe values of reduced emissions, either internalized or externalized in the energy pricing or regulatory policies system, should be counted as a result of reduced electricity consumption. In the USDA Forest Service report mentioned above, the values of reduced emissions are estimated as following: $3.34E−03/lb for CO 2eq , $0.51/lb for NO 2 , $0.06/lb for SO 2 , $0.92/lb for MP 10 , and $0.14/lb for VOC. Therefore there should be saving of $3.1E−03/kWh for CO 2eq , $9.2E−04/kWh for NO 2 , $6.6E−04/kWh for SO 2 , $6.1E−04/kWh for PM 10 , and $7.7E−05/kWh for VOC.
Therefore, if the Pharmacy Institute building's roof is half greened, 80,952 kWh per year will be saved in the fi rst 2 years, and 92,703 kWh per year thereafter. In addition to energy saving for cooling an annual monetary benefi t for the green roof due to reduced emissions will be estimated at $385/year in the fi rst 2 years, and $441/year thereafter.
Storm water runoff management
The storm water retaining behavior of green roofs depend on climatic conditions such as volume, intensity and frequency of rainfall, drying rates, and the depth and saturation level of the existing substrate. Many studies have been performed, as summarized below, to quantify the benefi ts green roofs can offer for storm water runoff management. It is diffi cult to generalize results of research studies, particularly if they were conducted in a different climate zone.
1. Within a 15-month monitoring period, research in City of Portland by Liptan et al. demonstrated that precipitation retention by an extensive green roof with 4 inch deep substrate was ~69% of the total rainfall [18] . It was also indicated that there were noticeable differences between retention in warm weather and in cool weather. Between December and March the rainfall retention was 59%, while from April to November, rainfall retention was 92%. 2. A North Carolina fi eld study by Moran et al. found that monthly storm water retention rates varied between 40% and 100% on two green roofs in the Neuse River watershed [19] . 3. A replicated study in Austin, TX, by Simoons et al. compared the performance of six different extensive green roof designs vegetated with 4 inch growth medium and identical native species [20] . Their results indicated maximum run-off retention between 88% and 44% for medium and large rain events. 4. A storm water model was built by Limno-Tech to quantify the cumulative contribution green roofs make toward reducing storm water runoff and combined sewer overfl ow events in the District of Columbia. In this model, it was predicted that an extensive green roof could reduce roof runoff volumes by ~65%, while an intensive roof can reduce runoff by 85%. Using a combination of 80% extensive and 20% intensive ratio across all green roof-ready buildings in the District, roof runoff volume would decrease by as much as 69% when compared to conventional rooftops.
Salt Lake City average annual rainfall is about 16.5 inch, and annual snowfall at the airport averages 58.7 inch, totaling 22.4 inch equivalent rainfall per annum [21] . As a comparison, precipitation (rainfall plus snowfall) totals 36.3 inch for Portland, 56 inch for North Carolina, 32 inch for Austin, and 41 inch for DC. Technical data from Hydrotech ® Garden Roof Assembly claims that the combination of the soil and Hydrotech ® Garden Roof components can retain between 50% and 90% of a typical rain that falls on the roof surface [22] . Based on a hydrology computation developed by licensed professional civil engineers exclusively for Hydrotech ® , a Hydrotech ® green roof with 12 inch deep growing media and sedum/succulents is able to retain annually 90% of storm water runoff in Salt Lake City [23] .
According to the Salt Lake City Storm Water Ordinance, there are imposed storm sewer service fee rates and charges on each parcel of property within the city, except government owned streets and storm water facilities operated and maintained by, or for, the county [24] . The charges fund the administration, planning, design, construction, water quality programming, operation, maintenance and repair of existing and future storm water facilities. In Salt Lake City, the normal annual precipitation (rainfall and snowfall counted, see section 4 for the conversion) is around 22.4 inch, i.e. 1.87 cubic feet or 13.96 gallons per s.f. The charge for all parcels other than residential and undeveloped parcels is based upon the total square feet of measured impervious surface divided by 2,500 s.f. or one Equivalent Residential Unit (ERU), and rounded to the nearest whole number. The actual total monthly service charge shall be computed by multiplying the total ERUs for a parcel by the monthly rate of $3. Therefore the storm sewer service fee would be $0.072/s.f./year, or $0.005/G/year in Salt Lake City. The price is consistent with the database from USDA Center for Urban Forest Research, where retention/detention of storm water runoff costs are $0.005/G/year, covering administrative, sewer collection, and treatment costs [25] .
Based on this estimation, in the case of Pharmacy Institute building, runoff from its 30,000 s.f. roof can be estimated as 418,800 G/year, and the annual cost of retention/detention will be $2,094.
If half of the roof is covered by green roof, runoff in the greened half will be reduced by 90%, leading to retention of 188,460 G/year, or $942/year.
Air quality improvement
Green roofs are expected to have positive benefi ts for air quality improvement via adsorption. Airborne particulate, nitrogen oxide, ozone, sulfur dioxide, and carbon monoxide levels have been assumed to decrease in the presence of green roofs. The air quality improvement is hard to quantify but several studies and results are summarized herein.
1. The level of air pollution removal by green roofs in Chicago was quantifi ed using a dry deposition model based on a detailed survey of 71 green roofs. The results showed that a total of 1675 kg of air pollutants was removed by 19. 10 (34%), CO (13%), and SO 2 (5%) [28] .
All of the three studies showed similar results of total air pollutants removal by green roofs at 0.078 metric tons/ha/year, or 0.0016 lb/s.f./year. The fractions of each pollutant removal vary between the Chicago and Washington DC model, but the sums of removal are nearly consistent.
According to a study by USDA Forest Service, air pollutants removal can be converted to monetary values, which were estimated in this study using the median externality values for United States for each pollutant [29] . The unit monetary values for pollutant removal are: O 3 $3.06/lb, PM 10 $2.05/lb, NO 2 $3.06/lb, SO 2 $0.75/lb, CO $0.43/lb, and total pollutants $2.38/lb, multiplied by the total air pollutants removal by green roofs, i.e. about 0.0016 lb/s.f./year, the monetary value for air pollutant removal will be $0.004/s.f./year.
In the case of Pharmacy Institute building, if a green roof is installed with 50% coverage of the rooftop, the total air pollutant removal will be expected at 24 lb/year, leading to a monetary benefi t of about $60/year.
Roof lifespan extension and maintenance saving
European research suggests that protection of roofi ng membranes results in a longer material lifespan and decreased maintenance and savings in replacement costs. Typically a traditional built-up roof is considered to have a minimum 20-year life expectancy, and many built-up fl at roofs last 30 years. Normally the roofi ng contractor offer a warranty for primary repairs during the fi rst 20 years, and in the end of 30 years a replacement may be needed to achieve optimum function of the roof. On large buildings, single-ply systems are becoming more common with an expected span of 15-20 years [30] . Within the lifespan of 35-40 years for a green roof, at least one tear-up and replacement not covered by the contractor warranty will be needed for a conventional roof. However, the replacement cost for a conventional roof can be saved by a green roof alternative.
Typical price for conventional roof installation and 20-year warranty is estimated as $7 per s.f. According to a roofi ng price calculator designed by IB Roof Systems, around 20% more will be charged for existing roof tear up and roof replacement [31] . Therefore, the replacement cost would be around $8.4 per s.f. for a conventional roof assumed to take place at the 30 year mark.
Evaluation of benefi ts from refl ective roofs
Green roofs are not the only roofi ng solution to reduce heat transfer into a building and realize energy savings in cooling load reduction. Highly refl ective roofs, or white roofs, also achieve thus function, but they lack many of the other advantages of green roofs, such as storm water retention, adsorption of air pollutants, migration of UHI effect, and so on. Light colored, refl ective roofi ng typically saves energy on cooling through refl ecting solar radiation. Its performance has been summarized below based on literature review:
1. In a 2001 building fi eld study of a one-story retail store, with 100,000 s.f. roof top area, in Austin, TX, Lawrence Berkeley National Laboratory (LBNL) identifi es a reduction of the average summertime daily maximum roof-surface temperature from 168°F (76°C) to 126°F (52°C) by applying a refl ective roof membrane. The total air-conditioning energy consumption was reduced by 11% and peak air-conditioning demand fell by 14% [32] .
In a 2002 Department of Energy (DOE) simulation study of fi ve cities (Baton Rouge, LA;
Sacramento, CA; Salt Lake City, UT; Chicago, IL; Houston, TX), Konopacki and Akbari at LBNL identifi ed an average 3.94% savings on building cooling energy consumption by applying high-albedo roof material to offi ce buildings metropolitan-wide [33] .
In the case of the University of Utah Pharmacy Institute building, a refl ective roof installation is assumed to yield an 11% energy saving for cooling the fl oor directly below the roof based on the Austin, Texas study. However, it is also reasonable to expect decay of the saving percentage from 5th to 1st level. Due to such decay, it is estimated that the energy saving for cooling the whole Pharmacy Institute building is 6%.
METHODOLOGY STEP 1: CAPITAL INVESTMENT EVALUATION
The cost of a green roof and its installation will vary greatly based on the design. An exemplarily system in the industry, Hydrotech ® offers a complete green roof system covered from deck up to plants, offering specifi c details based on soil and plants appropriate for Salt Lake regional climate. The company hosts authorized green roof installers local in Utah, both install and maintenance. In Salt Lake City, the well-known and award winning green roof on the LDS Conference Center uses the Garden Roof Assembly system supplied by Hydrotech® (Fig. 2) . It is not unreasonable to assume that the Pharmacy Institute in University of Utah would install a Hydrotech ® green roof, or one that is similar in price and quality. Thus, to simplify the study, the capital investment estimate herein is based on Hydrotech ® Garden Roof Assembly price.
Based on precedent pricing, a green roof by Hydrotech ® for an extensive green roof system with 12 inch soil depth at the Pharmacy Institute project would be $18-$22 per s.f. This price is subject to the following variables: the extent and types of curbs and pavers, and the overall size and shape of the proposed vegetated roof area. It should be noted that less complex or larger scale projects are more affordable per s.f. For instance, the cost for an installed green roof system with materials and labor for a 100,000 s.f. can be well under $20 per s.f. Lower costs may also be achieved using a paver systems that is installed outside of the vegetated zones and utilized a cast in place curbing instead of pre-cast curbing.
After installation, the health and longevity of a green roof will ultimately depend on regularly scheduled and proper maintenance over time. Regular inspection, trimming, and weeding will be needed in order to ensure longevity and performance. For any kind of green roof, initial watering and occasional fertilization are required until the plants have fully established themselves. This process normally takes 2 years. For the Hydrotech ® Garden Roof Assembly system, a quote of $18-$22 per s.f. includes maintenance for the fi rst 2 years, with a Thrive Warranty that guarantees 50% plant growth in year one and 80% by year two. Once the selected plants are healthy and well established, extensive green roofs no longer need to be irrigated except in cases of extreme drought. Regular fertilization with a slow release fertilizer twice a year will prevent acidifi cation of the thin soil layer. After the fi rst 2 years, it is optional to extend the maintenance contract by Hydrotech ® authorized contractor. According to Hydrotech ® , the green roof can also be maintained by personnel from Landscape Maintenance & Transportation in the university, who have gained green roof maintenance experience from two other existing green roofs on University of Utah campus. In order to be conservative in the economic study for the Pharmacy Institute building green roof in this study, it is assumed that no extended maintenance will be secured from the contractors, and university personnel will maintain the green roof long term beyond the 2-year initial period.
Under the U.S. Green Building Council LEED program which rates the environmental performance of buildings, green roofs gain one point for landscape to reduce heat island effects if the roof covers at least 50% of the building, and one point for storm-water management. As the University of Utah is aggressively seeking LEED certifi cation on its new construction projects, this fi nancial analysis will assume 50% of green roof coverage, and the Hydrotech ® system installation price will be estimated as $20 per s.f. The roof area for the Pharmacy Institute building is designed at 30,000 s.f. The green roof capital investment, including materials, installation, and 2-year maintenance and warranty, is estimated at $300,000. The lifespan of the green roof is expected to be 40 years. 5 FINANCIAL ANALYSIS FINDINGS In the life cycle fi nancial analysis, the service life for a green roof is assumed at 40 years, while a conventional roof is rated for 30 years. To simplify the complexity of accounting for infl ation within the present value equation, real discount rate is used in this life cycle study, which is 2.8% based on the economic assumptions from the 2009 Budget [34] .
In this fi nancial case study, the total cost is the initial investment for installation and maintenance, and the total sales are the cumulative monetary benefi ts resulting from the green roof. The breakeven point for this project is approximately 27 years. The net present value (NPV) calculation provides the value in today's dollars for the stream of 40 years of fi nancial benefi ts discounted by the 2.8% real interest rate. The NPV value for the fi nancial case study is found to be $38,926. Since this is a positive amount, investing in this green roof is advisable. Return on investment, ROI, is the primary measure of profi tability for investors. The net income in this fi nancial case study is the sum of the yearly monetary benefi ts. The investment is the initial capital required for green roof materials, installation, and maintenance. The ROI has been calculated to be 100%, indicating that the green roof will be profi table. The calculations for this fi nancial case study can be found in Table 1 .
As an alternative option, a similar methodology has been used to estimate ROI for a refl ective roof, shown in Appendix A as well. For a refl ective roof, the breakeven point is ~38 years; ROI is 100% within the life cycle of 40 years. The NPV value is found to be −$25,620. Comparing a refl ective roof with a conventional black roof, which has non-applicable ROI and −$155,668 NPV value, the refl ective roof is a much better alternative. However, since NPV for a refl ective roof alternative is a negative amount, investing in a refl ective roof is less advisable than a green roof alternative as illustrated in Table 1 and 2. 6 CONCLUSIONS In this work, the quantifi able benefi ts of a green roof have been calculated and transferred into monetary values. Based on the feasibility study, the benefi ts of a green roof make itself an advisable investment for the Skaggs Pharmacy Institute. Outside of sound fi nancial sense, a green roof would benefi t UHI effect migration, contribution to community urban living, preservation of wildlife habitat, earning LEED points, increasing marketability, etc. These benefi ts are even harder to quantify and less obvious but they do make green roofs a more desirable candidate for green buildings roofing systems.
It was found that among all quantifi ed green roofs' benefi ts, electricity saving for space cooling accounted for the greatest ROI segments. In this study, the energy saving for cooling in the fi ve-fl oor Skaggs building was simulated and estimated based on the behavior observed in the 10-fl oor Athens administrative building, assuming that the saving percentage decay performs in the same manner, i.e. with the same decay parameter. However, the Skaggs building will contain more laboratory functions than offi ce functions, requiring greater cooling due to instrument and equipment internal heat load gains. Within the scope of this study, the difference due to functional activities of labs versus offi ce space was not considered to limited data of cooling loads in laboratory buildings. In the future study, if considerable, it is necessary for both fi eld experiments and model simulation to involve the building operation factors.
A 40-year life cycle cost analysis has been performed in this study, for green roof, black roof, and refl ective roof alternatives, respectively. Based on the fi nancial analysis, a 50% coverage extensive green roof, by Hydrotech ® Garden Roof Assembly or similar system, is recommended for the Skaggs Pharmacy Institute building. Financially, the implementation will cost around $300,000 and has a breakeven point of 27 years. The shorter breakeven, positive NPV, and 100% ROI make the green Table 2 : Continued roof alternative a better advisable investment than the other two roof alternatives. In conclusion, installing an extensive green roof on half of the Skaggs Pharmacy Institute rooftop is a wise investment for the University.
